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(57) ABSTRACT

A light-emitting device (1) includes a substrate (2); a wiring,
pattern (3), an electrode land (4), a sealing resin layer (5), a
wire (7), and a resin dam (9) that are disposed on the
substrate (2); at least one light-emitting element (6) that
emits light having a peak emission wavelength in a wave-
length range of 430 to 480 nm; a green phosphor (10) that
1s excited by primary light emitted from the light-emitting
clement (6) to emit light having a peak emission wavelength
in a green region; and a {irst red phosphor (11) that 1s excited
by the primary light to emit light having a peak emission
wavelength 1n a red region. The first red phosphor (11) emits
no light 1n a wavelength range of 700 nm or more and
absorbs no light in a wavelength range of 550 to 600 nm.
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LIGHT-EMITTING DEVICE

This application 1s the U.S. national phase of International

Application No. PCT/JP2014/065846 filed 16 Jun. 2014,
which designated the U.S. and claims priority to JP Patent
Application No. 2013-127554 filed 18 Jun. 2013, the entire
contents of each of which are hereby ncorporated by
reference.

TECHNICAL FIELD

The present invention relates to light-emitting devices that
can be used 1n applications such as light sources for lighting
fixtures and displays, and particularly to a light-emitting
device with good color rendering properties and high lumi-
nous efficiency.

BACKGROUND ART

Considerable eflorts have been directed toward the
research and development of light-emitting devices includ-
ing semiconductor light-emitting elements 1n combination
with phosphors. Such light-emitting devices are gaining
attention as next-generation light-emitting devices having
low power consumption, reduced size, and high luminance
and capable of reproducing a wide range of colors. Semi-
conductor light-emitting elements typically emit primary
light 1n the near-ultraviolet to blue region, for example, at
wavelengths of 380 to 480 nm. Also proposed are light-
emitting devices including various phosphors suited for
different applications.

For example, such light-emitting devices are used as
backlights for compact liquid crystal displays (LCDs). An
example light-emitting device in this field 1s disclosed 1n
Japanese Unexamined Patent Application Publication No.
2003-121838 (PTL 1). PTL 1 discloses a backlight light
source having its spectral peak 1n the range of 505 to 535
nm. This backlight light source includes a green phosphor
activated with europium, tungsten, tin, antimony, or man-
ganese. Specifically, MgGa,O,:Mn and Zn,S10,:Mn green
phosphors are disclosed 1n the Examples in PTL 1. Unior-
tunately, these green phosphors exhibit noticeably low emis-
sion efliciency when excited by light having a peak wave-
length o1 430 to 480 nm (the primary light discussed above).

An example red phosphor 1s a tetravalent-manganese-
activated tetravalent metal fluoride phosphor disclosed 1n
U.S. Patent Application Publication No. 2006/0169998
(PTL 2). In PTL 2, however, there 1s no discussion of a
light-emitting device 1n which semiconductor light-emitting
clements are used in combination with phosphors in order to
improve output performance.

Various semiconductor light-emitting devices for appli-
cations such as lighting systems have also been developed.,
and various approaches to improve output performance have
been researched. For light-emitting devices that can be used
as general lighting fixtures, good color rendering properties
are an 1mportant performance factor along with improved
output performance. (The term “good color rendering prop-
erties” basically means a general color rendering index Ra of
80 or more. Color rendering properties can be determined,
for example, 1 accordance with the U.S. Energy Star
Standards.) For example, Japanese Unexamined Patent
Application Publication No. 2012-124356 (PTL 3) discloses
a chip-on-board (COB) light-emitting device manufactured
by directly mounting a plurality of light-emitting diode
(LED) chips on a board, connecting the LED chips to a
circuit via wiring lines on the board, and sealing the LED
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chips with resin. PTL 3 teaches that good color rendering
properties can be achieved using two red phosphors of
different peak wavelengths.

Unfortunately, a light-emitting device including only a
(Sr,_,.Ca,),  AISIN;:Eu, phosphor (hereinatter referred to
as “(Sr,Ca)AlSiN;:Eu phosphor”) and/or Ca,_ AlSiN;:Eu_
(hereimafiter referred to as “CaAlSiN;:Eu phosphor”) which
are used 1n PTL 3, may exhibit low lummous e 1c1ency (1n
units of lm/W) relatwe to the power supplied thereto since
most light components fall within a long-wavelength region
of 700 nm or more (where the relative sensitivity of the
human eye 1s low). The phosphors used in PTL 3, 1.e.,
(Sr,Ca)AlISiN;:Eu phosphors and CaAlSiN,:Eu phosphors,
also absorb secondary light emitted from green phosphors
since they show light absorption at wavelengths of 500 to
600 nm, mainly in the green region. This results 1n two-step
light emission in which the red phosphors emait light by
absorbing secondary light emitted from green phosphors,
thus leading to decreased emission ¢ 101ency

The relative sensitivity of the eye i1s internationally
defined by the relative sensitivity curve of the CIE (Inter-
national Commission on Illumination) standard observer
and 1s also defined in Japan as the spectral luminous efli-
ciency in Appended Table 8 of Rules for Units of Measure-
ment 1n Ordinance No. 189 of the Ministry of Economy,
Trade and Industry. According to these standards, the human
eye 1s most sensitive to light around a wavelength of 555 nm
in bright light and 1s most sensitive to light around a
wavelength of 507 nm 1n low light. The human eye 1s less
sensitive to light at a wavelength longer or shorter than the
peak wavelength and thus senses the light to be dimmer. The
luminous efliciency for red light 1s lower at a longer wave-

length.

CITATION LIST
Patent Literature

PTL 1: Japanese Unexamined Patent Application Publi-
cation No. 2003-121838

PTL 2: U.S. Patent Application Publication No. 2006/
0169998

PTL 3: Japanese Unexamined Patent Application Publi-
cation No. 2012-124356

SUMMARY OF INVENTION

Technical Problem

In view of the foregoing problems, an object of the
present ivention 1s to provide a light-emitting device that
includes a particular phosphor capable of efliciently emitting
light 1n response to light (primary light emitted from light-
emitting elements) at a wavelength of 430 to 480 nm and
that has good color rendering properties and high luminous
ciliciency.

Solution to Problem

A light-emitting device according to the present invention
includes a substrate; a wiring pattern, an electrode land, a
sealing resin layer, a wire, and a resin dam that are disposed
on the substrate; at least one light-emitting element that
emits light having a peak emission wavelength in a wave-
length range of 430 to 480 nm; a green phosphor that is
excited by primary light emitted from the light-emitting
clement to emit light having a peak emission wavelength 1n
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a green region; and a first red phosphor that 1s excited by the
primary light to emit light having a peak emission wave-
length 1n a red region. The first red phosphor emits no light
in a wavelength range of 700 nm or more and absorbs no
light in a wavelength range of 550 to 600 nm.

The first red phosphor preferably contains at least one
tetravalent-manganese-activated tetravalent metal fluoride
phosphor represented by general formula (A): (M1),
(M2),_,Mn, )F. (where (M1) 1s at least one alkali metal
clement selected from the group consisting of L1, Na, K, Rb,
and Cs; (M2) 1s at least one tetravalent metal element
selected from the group consisting of Ge, S1, Sn, T1, and Zr;
and h satisfies 0.001<h=<0.1). In general formula (A), (M1)
1s preferably K, (M2) 1s preferably Si1, and h preferably
satisfies 0.005=h=0.05.

The light-emitting device according to the present inven-
tion preferably further includes a second red phosphor. The
second red phosphor preferably contains at least one of a
(Sr,Ca)AlISiN;:Eu phosphor, a CaAlSiN,:Eu phosphor, and
a divalent-europium-activated oxynitride phosphor repre-
sented by general formula (E): (Eu (M7),_).S1,Al O N_
(where x satisfies 0.15=x=<1.5; a safisfies O=a=<l; b and ¢
satisty b+c=12; d and e satisty d+e=16; and (M7) 1s at least
one of L1, Na, K, Rb, Cs, Mg, Ca, Sr, Ba, Sc, Y, La, and Gd).

The green phosphor preferably contains at least one
phosphor represented by general formula (B): (M3),_Ce_
(M4).0,, (where (M3) 1s at least one ol Y, Lu, Gd, and La;
(M4) 1s at least one of Al and Ga; and x satisfies
0.005=x=0.20).

The light-emitting element 1s preferably an InGalN LED
chip, and the light-emitting device preferably emits white
light.

Advantageous Effects of Invention

The light-emitting device according to the present inven-
tion has good color rendering properties and high luminous
ciliciency.

BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1(a) and 1(b) are a schematic plan view and a
sectional view, respectively, of an example light-emitting
device according to the present invention.

FIGS. 2(a) and 2(b) are a schematic plan view and a
sectional view, respectively, of another example light-emit-
ting device according to the present invention.

FIG. 3 1s a graph showing the emission spectral distribu-
tion of an example first phosphor in the present invention.

FIG. 4 1s a graph showing the emission spectral distribu-
tion of a light-emitting device of Example 1.

FIG. 5 1s a graph showing the emission spectral distribu-
tion of a light-emitting device of Comparative Example 1.

FIG. 6 1s a graph showing the emission spectral distribu-
tion of a light-emitting device of Comparative Example 2.

DESCRIPTION OF EMBODIMENTS

Light-emitting devices according to the present invention
will now be described with reference to the drawings. In the
drawings of the present invention, like reference numerals
indicate like or corresponding parts. The dimensions, such
as length, width, thickness, and depth, are altered for clarity
and brevity of the drawings and are not drawn to scale.

First Embodiment

FIG. 1(a) 1s a schematic plan view of a light-emitting
device according to a first embodiment of the present
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4

invention, and FIG. 1(5) 1s a partial sectional view taken
along a plane extending across light-emitting elements 6 and
wires 7 parallel to the XZ-plane. In FIG. 1(a), the inner part
1s shown as transparent for clarity of connections. As shown
in FIGS. 1(a) and 1(b), a light-emitting device 1 according
to this embodiment includes a ceramic substrate 2, wiring
patterns 3 (3a and 3%), electrode lands 4 (4a and 4%), a
sealing resin layer 5, light-emitting elements 6, wires 7,
printed resistors 8, and a resin dam 9.

(Ceramic Substrate, Wiring Patterns, and Electrode Lands)

The ceramic substrate 2 1s, for example, rectangular as
viewed from the top of the light-emitting device 1 (herein-
alter referred to as “in plan view™). The wiring patterns 3a
and 3k are disposed opposite each other on the ceramic
substrate 2 and are formed by a process such as screen
printing. The wiring patterns 3a and 3% are each shaped to
form part of a ring (i.e., arc-shaped) i plan view. The
clectrode lands 4a and 4k serve as electrodes for external
connections (e.g., for power supply). The electrode lands 4a
and 4% are made of a material such as Ag—Pt and are formed
by a process such as screen printing. The electrode land 4a
1s connected to an end of the wiring pattern 3a via a lead,
whereas the electrode land 44 1s connected to an end of the
wiring pattern 3% via another lead.

(Sealing Resin Layer)

The sealing resin layer S 1s made of a transparent resin 1n
which a green phosphor 10 and a first red phosphor 11 are
umiformly dispersed. The sealing resin layer 5 1s disposed
over the light-emitting elements 6 inside the resin dam 9,
which 1s formed 1n an annular shape. The sealing resin layer
5 can be formed as follows. The green phosphor 10 and the
first red phosphor 11 are uniformly mixed with a transparent
resin. The resulting resin mixture 1s mjected mside the resin
dam 9, followed by heat treatment. By the heat treatment,
the transparent resin 1s cured to seal the light-emitting
clements 6, the green phosphor 10, and the first red phosphor
11.

The sealing resin layer 5 converts some of the primary
light emitted from the light-emitting elements 6 (e.g., blue
light) 1into green light and red light. In this way, the light-
emitting device according to this embodiment emits a mix-
ture of the primary light, the green light, and the red light,
preferably white light. The green phosphor 10 and the first
red phosphor 11 may be mixed 1n any proportion, preferably
in a proportion that gives the desired characteristics.

The transparent resin present in the sealing resin layer 5
may be any resin capable of transmitting light, preferably a
resin such as epoxy resin, silicone resin, or urea resin. The
sealing resin layer 3 may contain additives such as S10,,
T10,, ZrO,, Al,O;, and Y,O, 1n addition to the transparent
resin, the green phosphor 10, and the first red phosphor 11.
Such additives present in the sealing resin layer 5 are
ellective, for example, 1n preventing the phosphors such as
the green phosphor 10 and the first red phosphor 11 from
settling or 1n efliciently diffusing the light emitted from the
light-emitting elements 6, the green phosphor 10, and the
first red phosphor 11.

(First Red Phosphor)

The first red phosphor 11 1s excited by the primary light
emitted from the light-emitting elements 6 to emit light
having a peak emission wavelength in the red region. The
first red phosphor 11 emits no light 1n a wavelength range of
700 nm or more and absorbs no light in a wavelength range
of 550 to 600 nm. By “the first red phosphor 11 emits no
light 1n a wavelength range of 700 nm or more”, it 15 meant
that the emission intensity of the first red phosphor 11 1n a
wavelength range of 700 nm or more at a temperature of 300
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K or higher i1s V100 or less of the emission intensity of the first
red phosphor 11 at the peak emission wavelength. By “the
first red phosphor 11 absorbs no light 1n a wavelength range
of 550 to 600 nm”, 1t 1s meant that the integral of the
excitation spectrum of the first red phosphor 11 in a wave- 2
length range of 550 to 600 nm at a temperature of 300 K or
higher 1s Yoo or less of the integral of the excitation
spectrum of the first red phosphor 11 1n a wavelength range
o1 430 to 480 nm. The wavelength of the excitation spectrum
for measurement 1s the peak wavelength of the first red
phosphor 11. The term “red region™ as used herein refers to
a region at wavelengths of 580 to less than 700 nm.

FIG. 3 1s a graph showing the emission spectral distribu-
tion ol an example first red phosphor 11. In FIG. 3, the
vertical axis represents normalized intensity (in arbitrary
units), and the horizontal axis represents wavelength (nm).
As can be seen from FIG. 3, the first red phosphor 11 emits
little light 1n a long-wavelength region of 700 nm or more.
The sensitivity of the human eye 1s relatively low 1 a 3g
long-wavelength region of 700 nm or more; therefore, it 1s
very advantageous to use the first red phosphor 11 in
light-emitting devices for applications such as lighting.

Since the first red phosphor 11 shows no light absorption
in a wavelength range of 3550 to 600 nm, 1t absorbs little 25
secondary light emitted from green phosphors. This prevents
two-step light emission in which the first red phosphor 11
emits light by absorbing secondary light emitted from green
phosphors, thus maintaining high emission ethiciency.

The first red phosphor 11 preferably contains, for
example, at least one tetravalent-manganese-activated tet-
ravalent metal fluoride phosphor represented by general

formula (A): (M1), ((M2),_,Mn,) F.. In general formula

(A), Mn 1s manganese, and F 1s fluorine. In general formula
(A), (M1) 1s at least one alkal1 metal element selected from
the group consisting of L1, Na, K, Rb, and Cs, preferably K
for reasons of brightness and stable powder characteristics.
In general formula (A), (M2) 1s at least one tetravalent metal
clement selected from the group consisting of Ge, S1, Sn, T1, 4
and Zr, preferably Si1 for reasons of temperature character-

istics. In general formula (A), h, which indicates the com-

position ratio (concentration) of Mn, satisfies 0.001<h=0.1.

If h 1s less than 0.001, the brightness may be isuflicient. If

h 1s more than 0.1, the brightness may decrease noticeably 45
for reasons such as concentration quenching. More prefer-
ably, h satisfies 0.005=<h=0.05 for reasons of brightness and
stable powder characteristics.

(Green Phosphor)

The green phosphor 10 1s excited by the primary light so
emitted from the light-emitting elements 6 to emit light
having a peak emission wavelength 1n the green region. The
green phosphor 10 preferably contains at least one of a
phosphor represented by general formula (B): (M3),_Ce_
(M4).0,, (where (M3) 1s at least one of Y, Lu, Gd, and La; 55
(M4) 1s at least one of Al and Ga; and x, which indicates the
composition ratio (concentration) of Ce, satisfies
0.005=x=0.20), a Ca,(Sc,Mg),S1,0,,:Ce phosphor, a diva-
lent-europium-activated oxynitride phosphor that 1s a
B3-S1AION represented by the general formula Eu S1, 60
Al O N_ (where a satisfies 0.005<a<0.4; b and c satisty
b+c=12; and d and e satisly d+e=16), a divalent-europrum-
activated silicate phosphor represented by general formula
(C): (M5),_Eu 510, (where (M5) 1s at least one of Mg, Ca,

Sr, and Ba; and x, which indicates the composition ratio 65
(concentration) of Eu, satisfies 0.03=x=<0.10), and a triva-
lent-cerium-activated phosphor represented by the formula
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La, Ce Si.N,, (where x satisfies 0.01<x=0.2). The term
“oreen region” refers to a region at wavelengths of 500 to
580 nm.

If a single green phosphor 10 1s used (e.g., 1n applications
such as lighting), the green phosphor 10 preferably shows a
fluorescence spectrum having a large half-width, {for
example, 95 nm or more. Ce-activated phosphors, such as
Lu, Ce Al.O,, green phosphors represented by general
formula (B), have a garnet crystal structure. Since these
phosphors are activated with Ce, they show a fluorescence
spectrum having a large half-width (i.e., a half-width of 95
nm or more). Ce-activated phosphors thus serve as green
phosphors suitable for achieving good color rendering prop-
erties.

(Light-Emitting Elements)

The light-emitting elements 6 emit light having a peak
emission wavelength 1n a wavelength range of 430 to 480
nm. If the light-emitting elements 6 have a peak emission
wavelength of less than 430 nm, the light-emitting device
may be less practical since 1t has poor color rendering
properties due to a low contribution of the blue light
component to the light emitted from the light-emitting
device. If the light-emitting elements 6 have a peak emission
wavelength of more than 480 nm, the light-emitting device
may be less practical. In particular, such a light-emitting
device may be noticeably less practical i1 the light-emitting
clements 6 are InGaN light-emitting elements, since the
quantum efliciency decreases.

The LED chips used as the light-emitting elements 6 are
preferably bare semiconductor light-emitting element chips
that emit light containing a blue light component having a
peak emission wavelength 1n the blue region (i.e., a region
at wavelengths of 430 to 480 nm), more preferably InGalN
LED chips. As an example, the light-emitting elements 6
may be LED chips having a peak emission wavelength
around 450 nm. As used herein, the term “InGaN LED chip”
refers to an LED chip including an InGaN light-emitting
layer.

In this embodiment, the light-emitting elements 6 are
attached to the ceramic substrate 2 by die bonding and are
arranged 1n rows substantially parallel to one side of the
ceramic substrate 2 (X-direction). The light-emitting ele-
ments 6 are arranged at high density 1n the area surrounded
by the wiring patterns 3 and the printed resistors 8 such that
the number of light-emitting elements 6 for each row 1s
larger near the center of the ring formed by the wiring
patterns 3 and the printed resistors 8 and becomes smaller
from the center of the ring toward the periphery of the
substrate (outward 1n the radial direction of the ring). In the
example shown 1n FIG. 1, 12 light-emitting elements 6 are
series-connected to form one string, and 12 strings are
parallel-connected.

The light-emitting elements 6 are configured to emit light
from the top thereof. The light-emitting elements 6 have
thereon electrode pads (not shown, e.g., a cathode pad and
an anode pad) for connecting the adjacent light-emitting
clements 6 to each other via the wires 7 and for connecting
the light-emitting elements 6 to the wiring patterns 3.

The hight-emitting elements 6 may be configured to emit
light from the bottom thereof. In this case, the light-emitting
clements 6 are preferably mounted on the ceramic substrate
2 by forming wiring lines corresponding to the wires 7 and
the electrode lands 4 on the ceramic substrate 2, positioning
the electrode pads disposed on the light-emitting elements 6
opposite the top surface of the ceramic substrate 2, and
bonding the light-emitting elements 6 to the ceramic sub-
strate 2 with bumps therebetween by tlip chip bonding.
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(Printed Resistors)
The printed resistors 8 are intended to improve electro-

static resistance. As shown 1n FIG. 1, the printed resistors 8
are disposed so as to connect one end of the wiring pattern
3a to one end of the wiring pattern 3% and are shaped to form
part of a ring (1.e., arc-shaped).

The printed resistors 8 are preferably Zener diodes. The
printed resistors 8 may be omitted from the light-emitting
device 1 according to this embodiment.

(Resin Dam)

The resin dam 9 1s a resin for stopping the sealing resin
layer 5 from flowing and 1s made of a colored material
(preferably white or milky white). As shown in FIGS. 1(a)
and 1(b), the resin dam 9 1s preferably formed so as to cover
the ring formed by the wining patterns 3 and the printed
resistors 8.

As described above, the light-emitting device according
to this embodiment emit light having an emission spectrum
covering all three primary colors of light, 1.e., blue, green,
and red. The light-emitting device according to this embodi-
ment also 1includes a first red phosphor that emits no light in
a wavelength range of 700 nm or more and that absorbs no
light 1n a wavelength range of 550 to 600 nm. This mini-
mizes the emission of light in the region where the sensi-
tivity of the eye 1s low and also prevents the first red
phosphor 11 from absorbing the secondary light emitted
from the green phosphor 10. The light-emitting device can
therefore emit white light more ethciently.

Second Embodiment

FIG. 2(a) 1s a schematic plan view of a light-emitting
device according to a second embodiment of the present
invention, and FIG. 2(b) 1s a partial sectional view taken
along a plane extending across light-emitting elements 6 and
wires 7 parallel to the XZ-plane. In FIG. 2(a), the inner part
1s shown as transparent for clarity of connections.

The basic structure of the light-emitting device according
to this embodiment 1s similar to that of the light-emitting,
device according to the first embodiment. However, the
sealing resin layer 5 1n this embodiment contains, as the first
red phosphor 11, a tetravalent-manganese-activated tetrava-
lent metal fluoride phosphor represented by general formula
(A) above; as the green phosphor 10, at least one of a
phosphor represented by general formula (B): (M3),_Ce_
(M4).0,,, a Ca,(Sc,Mg),S1,0,,:Ce phosphor, a divalent-
curopium-activated oxynitride phosphor that 1s a 3-S1AION
represented by the general formula Eu_Si1, Al O N _, a diva-
lent-europrum-activated silicate phosphor represented by
general formula (C): (M5),_ Eu S10,, and a trivalent-ce-
rium-activated phosphor represented by the formula
La, Ce S1;,N,, (where x satisfies 0.01<x=<0.2); and at least
one second red phosphor 12. The light-emitting device
according to this embodiment thus contains two red phos-
phors. This allows the desired general color rendering index
Ra to be easily selected from the range of general color
rendering imndices Ra of 80 or more. Light-emitting devices
having such general color rendering indices Ra can be used
as light sources for lighting to provide high-color-rendering
lighting.

(Second Red Phosphor)

The second red phosphor 12 1s excited by the primary
light emitted from the light-emitting elements 6 to emit light
having a peak emission wavelength in the red region. The
second red phosphor 12 may be, for example, a (S5r,Ca)
AlS1N;:Eu phosphor or a CaAlSiN,:Eu phosphor, described

above, or may be a divalent-europium-activated nitride
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phosphor represented by general formula (D):
(M6),_Eu Si.N, (where (M6) 1s at least one of Mg, Ca, Sr,
and Ba; and x, which indicates the composition ratio (con-
centration) of Fu, satisfies 0.01=x=<0.30) or a divalent-
curopium-activated oxynitride phosphor that 1s an o-S1A-
ION represented by general tformula (E): (Eu,
(M7),_.).51,Al O _N_ (where x satisfies 0.15=x=<1.3; a satis-
fies O=a<1; b and c satisty b+c=12; d and e satisiy d+e=16;
and (M7) 1s at least one of L1, Na, K, Rb, Cs, Mg, Ca, Sr,
Ba, Sc, Y, La, and Gd).

The second red phosphor 12 preferably shows a fluores-
cence spectrum having a large halt-width, as does the green
phosphor 10. The second red phosphor 12 1s preferably, for
example, a (Sr,Ca)AlISiN,:Fu phosphor or a CaAlSiN,:Eu
phosphor.

A single phosphor or a plurality of phosphors may be used
as the second red phosphor 12. If a plurality of phosphors are
used as the second red phosphor 12, the desired general
color rendering index Ra can be more easily selected.

In this embodiment, the green phosphor 10, the first red
phosphor 11, and the second red phosphor 12 may be mixed
in any proportion, preferably in a proportion that gives the
desired characteristics.

Whereas the light-emitting devices according to the first
and second embodiments of the present invention have been
described above, the light-emitting devices according to the
present ivention are not limited to the light-emitting
devices according to the first and second embodiments. The
properties (e.g., material, size, and shape) of the ceramic
substrate 2, the wiring patterns 3, the electrode lands 4, the
transparent resin in the sealing resin layer 5, the light-
emitting elements 6, the wires 7, the printed resistors 8, and
the resin dam 9 are not limited to those described above. The
materials used as the green phosphor 10 and the second red
phosphor 12 in the sealing resin layer 5 are not limited to
those described above. The green phosphor 10, the first red
phosphor 11, and the second red phosphor 12 may be
manufactured by any process selected from known pro-

cesses or may be obtained commercially.

EXAMPLES

The present invention 1s further illustrated by the follow-
ing examples, although these examples are not intended to
limit the present imnvention. In the examples below, white
light-emitting devices were fabricated and evaluated for
their characteristics.

Example 1

A light-emitting device of Example 1 included a tetrava-
lent-manganese-activated tetravalent metal fluoride phos-
phor (K,.SiF.:Mn), a (Sr,Ca)AlSiN;:Eu phosphor, and a
CaAlSiIN,:Eu phosphor as red phosphors and a
Lu, Ce Al.O,, phosphor as a green phosphor. The results
of the characteristic evaluation of the light-emitting device
of Example 1 are summarized 1in FIG. 4 and Table 1. FIG.
4 1s a graph showing the emission spectral distribution of the
light-emitting device of Example 1. In FIG. 4, the vertical
axis represents normalized intensity (in arbitrary units), and
the horizontal axis represents wavelength (nm).

Comparative Example 1

A light-emitting device of Comparative Example 1
included only a CaAlSiN;:Eu phosphor as a red phosphor

and a Lu,_Ce Al.O,, phosphor as a green phosphor. The
results of the characteristic evaluation of the light-emitting,
device of Comparative Example 1 are summarized in FIG.
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5 and Table 1. FIG. 5§ 1s a graph showing the emission
spectral distribution of the light-emitting device of Com-
parative Example 1. In FIG. 5, the vertical axis represents
normalized intensity (in arbitrary units), and the horizontal
axis represents wavelength (nm).

Comparative Example 2

A light-emitting device of Comparative Example 2
included a (Sr,Ca)AlSiN,:Eu phosphor and a CaAlSiN;:Eu
phosphor as red phosphors and a Lu,_Ce _Al.O,, phosphor
as a green phosphor. The results of the characteristic evalu-
ation of the light-emitting device of Comparative Example
2 are summarized i FIG. 6 and Table 1. FIG. 6 1s a graph
showing the emission spectral distribution of the light-
emitting device of Comparative Example 2. In FIG. 6, the
vertical axis represents normalized intensity (in arbitrary
units), and the horizontal axis represents wavelength (nm).

TABLE 1

10

15

10

where the sensitivity of the eye 1s low and also prevents the
first red phosphor 11 from absorbing the secondary light
emitted from the green phosphor 10.

The first red phosphor 11 preferably contains at least one
tetravalent-manganese-activated tetravalent metal fluoride
phosphor represented by general formula (A): (M1),
(M2),_,Mn,)F. (where (M1) 1s at least one alkali metal
clement selected from the group consisting of L1, Na, K, Rb,
and Cs; (M2) 1s at least one tetravalent metal element
selected from the group consisting of Ge, S1, Sn, T1, and Zr;
and h satisfies 0.001<h=<0.1). In general formula (A), (M1)
1s preferably K, (M2) 1s preferably Si1, and h preferably
satisfies 0.005<h=<0.03.

The light-emitting device 1 shown 1n FIG. 2 preferably
further contains a second red phosphor 12 that 1s excited by
the primary light to emit light having a peak emission
wavelength 1n the red region. The second red phosphor 12
preferably contains at least one of a (Sr,Ca)AlISiN;:Eu

Efficiency Chromaticity Chromaticity

Red phosphor (Im/W)
Comparative CaAlSIN;:Eu  — — 76.4
Example 1
Comparative CaAlSiIN;:Fu  (Sr,Ca)AlSiIN;:Fu — 86.5
Example 2
Example 1  CaAlSiIN;:Eu  (Sr,Ca)AlSiN;:Eu K, SiFg:Mn 85.6

The efliciency (Im/W), the chromaticity x, the chroma-
ticity v, the general color rendering index Ra, and the special
color rendering index Ry 1n Table 1 were measured using an
integrating sphere available from Labsphere, Inc. and a

spectrophotometer available from Otsuka Electronics Co.,
Ltd.

DISCUSSION

To compare luminous efliciency and color rendering prop-
erties, the contents of the phosphors in Example 1 and
Comparative Examples 1 and 2 were adjusted so that they
had similar chromaticity coordinates (X,y). As can be seen
from Table 1, the emission efliciency of Example 1 was
about 13% higher than that of Comparative Example 1 at
nearly equal chromaticity coordinates (x,y) while the gen-
eral color rendering index Ra was maintained, and the
general color rendering index Ra and the special color
rendering mdex R, (red) of Example 1 were noticeably
higher than those of Comparative Example 2 while the
emission efliciency was maintained.

Overview of Embodiments

The light-emitting devices 1 shown 1n FIGS. 1 and 2
include a substrate 2; wiring patterns 3, electrode lands 4, a
sealing resin layer 5, wires 7, and a resin dam 9 that are
disposed on the substrate 2; at least one light-emitting
clement 6 that emits light having a peak emission wave-
length 1n a wavelength range of 430 to 480 nm; a green
phosphor 10 that 1s excited by primary light emitted from the
light-emitting element to emit light having a peak emission
wavelength 1n the green region; and a first red phosphor 11
that 1s excited by the primary light to emit light having a
peak emission wavelength in the red region. The first red
phosphor 11 emits no light in a wavelength range of 700 nm
or more and absorbs no light 1n a wavelength range of 550
to 600 nm. This minimizes the emission of light 1n the region
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X y Ra Ry
0.4354 0.4002 959 R4.6
0.4360 0.401% 84.8 22.0
0.4388 0.3965 953 90.7

phosphor, a CaAlISiN,:Eu phosphor, and a divalent-euro-

pium-activated oxymitride phosphor represented by general
formula (E): (Eu (M7),_) S1,Al O N_ (where x satisiies
0.15=x=<1.5; a satisfies O=a=<1; b and ¢ satisty b+c=12; d and
¢ satisty d+e=16; and (M7) 1s at least one of L1, Na, K, Rb,
Cs, Mg, Ca, Sr, Ba, Sc, Y, La, and Gd). This allows the
desired general color rendering index Ra to be easily
selected from the range of general color rendering indices
Ra of 80 or more. Light-emitting devices having such
general color rendering indices Ra can be used as light
sources for lighting to provide high-color-rendering lighting.

The green phosphor 10 preferably contains at least one
phosphor represented by general formula (B): (M3),_Ce_
(M4).0,, (where (M3) 1s at least one ol Y, Lu, Gd, and La;
(M4) 1s at least one of Al and Ga; and x satisfies
0.005=x=<0.20). This provides a light-emitting device with
good color rendering properties.

The light-emitting elements 6 are preferably InGalN LED
chips. The light-emitting device 1 preferably emits white
light.

The present mvention 1s not limited to the embodiments
described above; various modifications are possible within
the scope defined by the claims, and embodiments having
suitable combinations of technical means disclosed 1n dif-
ferent embodiments are also included in the technical scope
of the present invention.

REFERENCE SIGNS LIST

1 light-emitting device
2 ceramic substrate

3, 3a, 3% wiring pattern
4, 4a, 4k electrode land
5 sealing resin layer

6 light-emitting element
7 wire

8 printed resistor

9 resin dam
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10 green phosphor

11 first red phosphor

12 second red phosphor

The 1nvention claimed 1s:

1. A light-emitting device comprising:

at least one light-emitting element; and

a sealing resin layer covering the light-emitting element,
the sealing resin layer comprising a green phosphor and
a first red phosphor, wherein

the light-emitting element emits light having a peak
emission wavelength in a wavelength range of 430 to
480 nm,

the green phosphor i1s excited by primary light emitted
from the light-emitting element to emit light having a
peak emission wavelength 1n a green region that 1s a
wavelength range of 500 to 580 nm,

the first red phosphor 1s excited by the primary light to
emit light having a peak emission wavelength in a red
region,

the first red phosphor emits no light in a wavelength range
of 700 nm or more and absorbs no light 1n a wavelength
range of 550 to 600 nm, and

further comprising a second red phosphor that 1s excited
by the primary light to emit light having a peak
emission wavelength in a red region, wherein

the second red phosphor comprises at least two different
types of phosphors selected from the group consisting
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of (1) a (Sr,Ca)AlSi1N;:Eu phosphor, (11) a CaAlSiN;:Eu

phosphor, and (1) a divalent-europium-activated

oxynitride phosphor represented by general formula

(E): (Eu (M7),_).S1,Al O N_ (wherein x satisfies
0.15=x=1.5; a satisfies O=a=1; b and c satisty b+c=12;
d and e satisty d+e=16; and (M7) 1s at least one of L,
Na, K, Rb, Cs, Mg, Ca, Sr, Ba, Sc, Y, La, and Gd),
wherein

the light-emitting element 1s an InGaN LED chip,

the light-emitting device emits white light,

wherein the first red phosphor comprises at least one
tetravalent-manganese-activated tetravalent metal fluo-

ride phosphor represented by general formula (A):
(M1),((M2,_,Mn,)F, (wherein (M1) 1s at least one
alkal1 metal element selected from the group consisting
of L1, Na, K, Rb, and Cs; (M2) 1s at least one tetravalent
metal element selected from the group consisting of
Ge, S1, Sn, 11, and Zr; and h satisfies 0.001<h=0.1), and

wherein the green phosphor comprises at least one phos-
phor represented by general formula (B): (M3),_Ce,
(M4).0,, (wherein (M3) 1s at least one of Y, Lu, (d,
and La; (M4) 1s at least one of Al and Ga; and x satisfies
0.005=x=0.20).

2. The light-emitting device according to claim 1,

wherein, in general formula (A), (M1) 1s K, and (M2) 1s S1.

G ex x = e
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